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Automatic Osmometer for Determination of Number 
Average Molecular Weights of Polymers
F. B. ROLFSON and HANS COLL 

Shell Oeve/opmenf Co., Emeryville, C a lif.

^  An automatic osmometer to de­
termine number average molecular 
weigtits o f polymers is presented. An 
opera tor need only pour in a 10-ml. 
sample, then isolate it in the cell 
using the inlet and outlet valves. 
A fte r a period o f about 6 to 9 
minutes the osmotic pressure is ob ­
served on a Veeder'Root type counter 
which reads osmotic pressure head in 
centimeters, tenths, and hundredths. 
A built-in recorder, the pen o f which 
is d irectly driven by the balancing 
servo, enables the operator to follow 
the servo balancing o f osmotic pres­
sure and degree o f membrane perme­
ation, i f  ony. The measuring element 
o f the instrument consists o f two liquid 
cavities separated by a  semiperme- 
ab le  membrane. The sample cavity 
includes a thin metal diaphragm 
which responds to  changes in volume. 
Displacement o f this d iaphragm  from 
flow o f solvent through the membrane 
is sensed as an electricol capacity 
change to a fixed  electrode in an

oscillator circuit, cousing a servo to 
null the solvent head fo r zero osmotic 
flow. The performance o f the instru* 
ment has been studied by determining 
the molecular weights o f eight polymer 
samples in toluene a t ̂ 34° C. Results 
indicate o high degree o f precision, 
and the molecular weights agree well 
with those from other sources provided 
no solute can permeate through the 
membrane.

Me a s u r e m e n t  of osm otic pressures 
in  de term ination  of num ber 

average m olecular w eights has n o t been 
used extensively in  th e  i)ast because 
of the  tim e-consum ing n a tu re  o f th e  
classical m ethod  and  th e  a tte n d a n t 
errors caused by  th e  lengthy observation  
period. Hruss and  S tress (4) have 
{^scussed som e of th e  dynam ic m ethods 
described in  the  recen t lite ra tu re  (7, 8,
11) w ith  som e a tte n tio n  to  th e  errors 
caused by  solu te perm eation  of th e  
m em brane and  th e  im portance of 
com pleting th e  m easurem ent as rap id ly

as possible. T he in s tru m en t p re ^ n te d  
here is th e  resu lt of an  investigation  to  
prov ide ins trum en ta tion  to  supplem ent 
the ir dynam ic m ethod w ith  a  view to  
reducing o pera to r fa tigue and  possible 
errors resulting  therefrom . A p re­
lim inary  no te  describing th e  essential 
fea tu res of design and operation  of th e  
osm om eter under discussion has recently  
been published by one of th e  au lhors
i m .

PRINCIPLE OF OPERATION

As show n in  F igure 1, th e  osm om eter 
cell consists of tw o cavities separated  
b y  a  sem iperm eable m em brane. The 
sam ple cav ity  includes a  th in  m etal 
d iaphragm  responsive to  volum e changes 
and  su itab le  valves to  ad m it a  sim ple , 
th en  isolate it. T h e  solvent oj v^ity is 
connected  to  a  servo-driven p lum m et 
in  a  vertical tu b e  of so lven t. T he 
|)lum m et is capable ot changing th e  
so lven t head, th u s  causing so lven t to 
flow th rough  th e  m em brane in  e ither 
d irection  depending upon th e  differ­
en tia l pressure. I t  will be appreciated
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th a t  th e  m otal d iaph ragm  d isp lacem ent 
m easures th e  inteKral of flow; conse­
quen tly , to  sa tisfy  th e  nu ll position of 
th e  d iaphragm  th e  volum e contained 
in  th e  sam ple cav ity  m ust be restored 
to  its  in itia l volum e a t  th e  tim e the  
sami)le w as isolated.

D isp lacem ent of th e  m etal diai)hragm  
causes a  change of capacity  to  a  fixed 
ex ternal electrode w hich ac tu a te s  the 
servo, v ia  th e  capacity  sensing oscil­
la to r  an d  am plifier, to  resto re  th e  null 
condition  including zero osm otic flow.

T he w itness line (F igure 1) m arked 
“ zero ])ressure level”  dep icts th e  relative 
e levation  of th e  diajihragm , th e  lower 
ex trem ity  of th e  o u tle t d ra in , and  the 
so lven t m anom eter liquid level a t  null 
for zero osm otic pressure. T h is  s itu a ­
tion  is in itia lly  ob tained  b y  ad justing  
th e  tr im m er capacito rs of th e  capacity  
sensing oscillator w ith  th e  sam ple 
cav ity  em pty . U n d er th is condition the 
d iaphragm  has zero (atm ospheric) ))res- 
sure on b o th  sides. W hen a polym er 
sam ple is ad m itted  to  th e  cell, th e  o u tle t 
valve is closed a fte r  first hav ing  closed 
th e  in le t valve, th u s  establish ing an 
in itia l pressure of zero a t  th e  elevation  
of th e  d iaphragm  because of th e  ele­
vation  a t  w hich th e  sam ple d ra in  line 
is te rm inated . T em pera tu re  effects will 
be discussed la ter. So lvent im m ediately 
com m ences to  flow th rough  th e  m em ­
brane  in to  th e  po lym er sam ple increas­
ing  its  volum e M’hich deflects the 
d iaphragm  causing th e  servo to  raise 
th e  m anom eter p lum m et th u s  reducing 
th e  so lven t pressure on the  to p  side of 
th e  m em brane as th e  m eniscus falls 
below th e  zero level. A t null balance 
th e  servo comes to  res t w ith  th e  so lven t 
m eniscus depre.ssed b y  th e  am o u n t of 
th e  osm otic pressure. T h e  meofaanical 
coun ter geared to  th e  ser^o
will now  reg ister th i s

W  .

Figure 2. Exploded views o f osmometer cell and oscillator

hence th e  osm otic j>ressure in  cen ti­
m eters, ten th s, and hundred ths. T he 
recorder will show th e  en tire  balancing 
cycle and  b y  the  slope of th e  curve 
following th e  m axim um  indicated  os­
m otic pressure, th e  degree of so lu te 
j)erm eation th rough  th e  m em brane.

T h e  s o lv e n t  s y r in g e  a n d  v a lv e  a re  
u s e d  in  in i t i a l ly  f ill in g  t h e  s o lv e n t  c a v i ty  
a n d  s u b s e q u e n t ly  to  re p la c e  s o lv e n t  
w h ic h  m a y  h a v e  b e e n  c o n ta m in a te d  
b y  s m a lle r  p o ly m e r  m o le c u le s  w h ic h  
h a v e  p a s s e d  th r o u g h  th e  m e m b ra n e .

DESIGN CONSIDERATIONS

V o lu m e  o f  t h e  C e ll .  A  s m a l l  v o l­
u m e  c e l l  is  d e s i r a b l e  t o  a c c o m m o d a te  
s m a l l  s a m p le s ,  b u t  o f  g r e a t e r  im ­
p o r t a n c e  i s  t h e  e f fe c t  o f  c e l l  v o lu m e  o n  
s e n s i t i v i t y  t o  t e m p e r a t u r e  v a r i a t i o n s .  
I n  t h i s  in s t r u q j ie n t  o s m o t ic  f lo w  is  
m e a s u r e d  b y  t h e  r e s u l t i n g  ( ih a n g e  in  
t h e  v o lu m e  o f  a  c o n f in e d  s a m p le .  
U n f o r tu n a te ly ,  t e m p e r a tu r e  c h a n g e s  
a ls o  p r o d u c e  c h a n g e s  in  v o lu m e  w h ic h  
a r e  in d is t in g u is h a b le  f ro m  th o s e  r e s u l t ­
in g  f ro m  o s m o tic  flo w . T h is  is  e q u a l ly  
t r u e  o f  a n y  d e te c t in g  s y s te m  w h ic h  
m e a s u re s  v o lu m e , a n d  th e  e f fe c t  is  p ro ­
p o r t io n a l  t o  t h e  s a m p le  v o lu m e . O n  
t h e  o th e r  h a n d ,  t h e  c e ll v o lu m e  s h o u ld  
n o t  b e  m in im iz e d  a s  th i s  w o u ld  m a g n ify  
s id e  e f fe c t  e r ro r s  s u c h  a s  d i lu t io n  o f  th e  
s a m p le  b y  t h e  s o lv e n t.  T h e n  a lso , 
p r a c t i c a l  c o n s id e ra t io n s  su c h  a s  s a m p le  
f lu s h in g , f illin g , a n d  b u b b le  e n t r a p m e n t  
d i i 't a t e  a  ce ll v o lu m e  w h ic h  is la rg e  
c o m p a re d  to  t h a t  r e s u l t in g  f ro m  o s m o tic  
f lo w . T h e  v o lu m e  o f  t h e  ce ll p r e s e n t ly  
in  u s e  is  a b o u t  1 .5  m l. t o t a l  f ro m  in le t  
v a lv e  to  o u t l e t  v a lv e .

V o lu m e  M e a s u r i n g  D ia p h r a g m .
Pleasuring system m ust be re-

: <
■ 1

sponsive  to  sm a ll vo lum e ch an g es an d  
th e  d iap h rag m  suffic ien tly  responsive 
to  p ressu re  changes to  p rov ide  a  s tab le  
base  lifio o r zero p ressu re  refe rence  of 
th e  desired  accu racy  o f 0 .01  cm . of 
so lv en t head . T h e  sm all vo lum e 
req u ire m e n t h a s  been  m e t b y  p ro ­
v id ing  a  sy s tem  cap ab le  of o p e ra tin g  
th e  servo  on  d ia p h ra g m  deflections of 
2.6 X  1 0 ^  cm. produced b y  a  volume 
change of les.s th an  0.001 iul. D iaphragm  
deflection is de tec ted  as an  electrical 
capacity  change to  a  fixed electrode 
in  an  r~f oscillator circuit. T he r- f 
oscillator servo am plifier system  is 
nom inally  tuned  so th e  servo m otor is 
stopped  o r nulled w hen th e  d iaphragm  
is exposed to  equal (atm ospheric) pres­
sures on bo th  sides an d  is, therefore, 
n o t deflected. Because of residual d rift 
in  th e  oscillator o r am plifier, th e  m otor 
m ay com m ence to  run, requiring  some 
deflection of th e  d iaphragm  to  restore 
th e  nu ll condition of no ro ta tio n . B y  
m aking th e  d iaphragm  sufficiently re­
sponsive to  sm a 1 pressure changes, th e  
required deflection will resu lt from  a 
pressure differential of no  more th an  
0.01 cm. of solvent, th e  s tab ility  sought. 
T he capacity  sensing oscillator is ad ­
ju s ted  to  have a sensitiv ity  of 1-vo lt 
o u tp u t for a capacity  change of 0.05 
pf. T he servosystem  responds to  0.01 
vo lt a t  th e  am plifier in p u t equ ivalen t to  
a  d iaphragm  capacity  change of 5 X 
10“ * pf. W ith  simplifying approxim a­
tions, th e  analysis of Lilley {10) would 
ind icate  a  d isplacem ent of 7.9 X 10"® 
cm. w'ith a  volum e sw ept o u t of 0.48 X 
10~* lite r for th e  assum ed capacity  
change of 5 X  10~* pf.

I'y jjica! pressure sensitiv ity  of the 
d iaphragm  is 1-cm. so lvent head for 
0.5-pf. capacity  change.
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Semipermeable M em brane Sup­
port. I n  a  s y s t e m  r e s p o n s iv e  to  
s m a l l  v o lu m e  c h a n g e s  i t  is  q u i t e  a | i -  
p a r e n t  t h a t  t h e  m e m b r a n e  m u s t  b e  
s u p p o r t e d  in  a  s t a b l e  m a n n e r ,  a n d  
y e t  e x p o s e  a  c o n s id e r a b l e  p o r t i o n  o f  
i t s  a r e a  t o  t h e  s a m p le  o n  o n e  s id e , 
t h e  s o l v e n t  o n  t h e  o t h e r .  A t  f i r s t  
g la n c e ,  i t  . m i g h t  s e e m  d e s i r a b l e  t o  
m a i n t a i n  t h e  m e m b r a n e  i n  a  f ix e d  
p o s i t i o n ,  b u t  c o n s id e r a t i o n s  o f  t h e  
d im e n s io n s  a n d  r e q u i r e m e n ts  in v o lv e d  
w o u ld  in d i c a t e  t h e  f u t i l i t y  o f  a n y  s u c h  
w ish . F o r t u n a t e ly  t h e  m o v e m e n t  o f  
t h e  m e m b r a n e  u p o n  a p p l ic a t io n  o f 
p r e s s u re  is  n o t  o n ly  to le r a b le  b u t  h ig h ly  
d e s i ra b le ,  as w ill  b e  s e e n  f ro m  th e  
fo llo w in g  c o n s id e ra t io n s . A s su m e  a  
f ix e d  m e m b r a n e .  W i th o u t  b e c o m in g  
in v o lv e d  i n  f e e d b a c k  th e o r y ,  i t  i s  a p ­
p a r e n t  t h a t  a n y  c h a n g e  o f  s o lv e n t  p re s ­
s u re  ( p ro d u c e d  b y  s e rv o  a c t io n )  w o u ld  
o n ly  \ ’e r y  s lo w ly  b e  “ s e e n ”  b y  t h e  d e ­
t e c t i n g  d i a p h r a g m , d u e  to  t h e  slow nes.s 
o f  o s m o tic  flo w . A  s im p le  s e rv o  w o u ld  
b e  h o p e le s s ly  u n s ta b le  a s  i t  w o u ld  
r e p e a te d ly  o v e r s h o o t  a n d  n e v e r  c o m e  
to r e s t .

C o n s id e r  a  m e m b r a n e  t h a t  d e f le c ts  
u p o n  a p i^ l ie a t io n  o f  p re .ssu re . A n y  
c n a n g e  in  s o lv e n t  p r e s s u re  p ro d u c e d  
b y  t h e  s e rv o  w ill n o w  b e  t r a n s m i t t e d  
t o  t h e  d i a p h r a g m  a n d  th e  s im p le  
s e rv o  w ill b e  i n h e r e n t ly  s ta b le .  T h e  
m e m b r a n e ,  h a v in g  b e e n  d e f le c te d  b y  
t h e  s o lv e n t  p r e ^ u r e ,  m u s t  n o w  re la x  
t o  i t s  n u l l  p o s i t io n  a s  o s m o tic  flow  
p ro c e e d s .

T h e  m a n n e r  o f  s u j jp o r t in g  t h e  m e m ­
b r a n e  c a n  b e  s e e n  i n  t h e  e x p lo d e d  v ie w  
o f  t h e  ce ll, F ig u re  2.

Tem perature Effect. T h e  o s m o t ic  
p r e s s u r e  i t s e l f  v a r i e s  d i r e c t l y  w i th  t h e  
a b s o l u t e  t e m p e r a t u r e  so  t h a t  o n e  
c o u ld  s im p ly  r e a d  a  t h e r m o m e te r  
i n s e r t e d  i n  t h e  c e l l  a n d  m a k e  a  s u i t ­
a b le  c o r r e c t io n  o f  t h e  r e q u i r e d  a c ­
c u r a c y  w i t h o u t  m u c h  d i f f i c u l ty .  M o r e  
i m p o r t a n t  is  t h e  c h a n g e  o f  v o lu m e  
p r o d u c e d  b y  a n y  t e m p e r a t u r e  c h a n g e .  
Speciflcallj'^  t h i s  te m p e r a tu r e - v o lu m e  
c h a n g e  m u s t  b e  m a d e  vsmall c o m p a re d  
to  t h a t  p ro d u c e d  b y  o s m o tic  f lo w  a s  th e  
p r e s s u re  d if fe r e n t ia l  a p p r o a c h e s  z e ro  
( s a y , 0 .0 1 -c m . h e a d ) .  A c c o rd in g ly , t h e  
r a t e  o f  c h a n g e  o f  t e m p e r a tu r e  m u s t  b e  
h e ld  to  a b o u t  0.001®  C . p e r  m in u te .  
I n  t h e  a b s e n c e  o f  g o o d  t e m p e r a tu r e  
c o n tro l ,  a  s t e a d y  o r  n o n  v a r y in g  r e a d o u t  
o n  t h e  i n s t r u m e n t  d o e s  n o t  n e c e s s a r i ly  
im p ly  t h a t  a  c o n s t a n t  te m p e r a tu r e  
{ jrev a ils . I t  m a y  j u s t  a s  w e ll m e a n  
t h a t  a  c o n s t a n t  t e m p e r a tu r e  d r i f t  e x is ts  
w h e re u p o n  th e  c o n s t a n t  r e a d in g  w ill b e  
in  e r ro r  b y  t h e  p re ^ ^ u re  d if fe r e n t ia l  
r e q u i r e d  t o  p ro d u c e  a n  o s m o tic  flow  
w h ic h  j u s t  o f fs e ts  t h e  v o lu m e  c h a n g e  
d u e  to  t h e  t e m p e r a tu r e  d r i f t .

I n  a d d i t io n  t o  t h e  fo re g o in g  b a s ic  
p h y s ic a l  c o n s id e ra t io n s , t h e  m a t t e r  o f  
m e c h a n ic a l  s t a b i l i t y  o f  t h e  d ia p h r a g m , 
s e n s in g  e le c tro d e , a n d  a s s o c ia te d  r - f  
o s c i l la to r  c i r c u i t r y  is  o f  p r im e  im p o r ­
ta n c e .  F o r  t h i s  r e a s o n  th e  o s c i l la to r  h a s  
b e e n  m e c h a n ic a l ly  a n d  th e r m a l ly  a s ­
so c ia te d  w i th  t h e  te m p e ra tu re - t^ o n tro l le d  
o s m o m e te r  ce ll. A l th o u g h  t h e  m e a s u r ­
in g  c i r c u i t  h a s  b e e n  d e s ig n e d  to  h a v e  
g o ^  t e m p e r a tu r e  s t a b i l i ty ,  t h e  a d d e d  
n s u r a n c e  p r o v id e d  b y  th e  c o n s t a n t

te m { )e ra tu re  e n v i r o n m e n t  i s  m o re  t h a n  
w e lco m e .

T h e  m e ta l  fo r  t h e  c e ll b o d y  n e e d s  to  
h a v e  h ig h  th e r m a l  c o n d u c t iv i ty  to  
k e e p  th e  th e r m a l  re s p o n s e  t im e  w ith in  
re a s o n . C e lls  o f  b o th  cop i^er a n d  
a lu m in u m  h a v e  b e e n  u s e d  s a t is f a c to r i ly .

Sample Valves. T h e  s a m p le  v a lv e s  
m u s t  b o  l e a k - t i g h t  in  v ie w  o f  t h e  
s m a l l  o s m o t ic  f lo w . T h e y  s h o u ld  b e  
t h e r m a l ly  c lo s e - c o u p le d  t o  t h e  c e l l  a n d  
s m a l l  e n o u g h  so  a s  n o t  t o  p r e s e n t  a n  
u n d u l y  l a r g e  h e a t  s i n k  b e c a u s e  s a m p le  
in  t h e  v a lv e s  i s  e q u i v a l e n t  t o  s a m p le  
in  t h e  c e ll  so  f a r  a s  lo w - v o lu m e  a n d  
c o n s t a n t  -  t e m p e r a t u r e  r e q u i r e m e n t s  
a r e  c o n c e r n e d .

A t  l e a s t  o n e  o f  th e  tw o  v a lv e s  ( o u t le t)  
m u s t  n o t  c h a n g e  v o lu m e  o n  c lo su re . 
W e re  i t  t o  d o  so , v a lv in g  off t h e  s a m p le  
w o u ld  a d d  a n  in i t i a l  p r e s s u re  t o  b e  o v e r ­
c o m e  b y  o s m o tic  flow . E x c e s s iv e  p re s ­
su re s  o n  t h e  m e m b r a n e  a r e  t o  b e  
a v o id e d  t o  m in im iz e  h y s te r e s is  e ffe c ts . 
T h e  s a m p le  o u t le t  o r  d r a in  l in e  is 
a r r a n g e d  t o  b e  o p e n  t o  t h e  a tm o s p h e re  
a t  t h e  d ia p h r a g m  e le v a t io n .  T h is  p e r ­
m i t s  t h e  e s ta b l is h m e n t  o f  a n  in i t ia l  
p r e s s u re  o f  z e ro  b y  c lo s in g  f i r s t  t h e  in le t  
v a lv e ,  t h e n  t h e  o u t le t  v a lv e .

DESCRIPTION

General. T h e  in .s t r u m e n t  is  h o u s e d  
in  a  s in g le  c a b i n e t ,  12  in c h e s  w id e , 
15  in c h e s  h ig h  b y  13  in c h e s  d e e p , 
t h e  w e ig h t  b e in g  a b o u t  5 0  Ib . I t  
i s  s u p p o r t e d  o n  f iv e  e q u a l  s h o c k  
m o u n t s ,  o n e  a t  e a c h  c o r n e r  p lu s  o n e  
a d d i t i o n a l  m o u n t  l o c a t e d  s o  a s  to  
e q u a l iz e  t h e  lo a d  o n  a l l  t h e  m o u n t s  in  
t h e  p r e s e n c e  o f  a n  o f f -a x is  c e n t e r  o f  
g r a v i ty .  F ig u re  3  s h o w s  th e  g e n e ra l  
a r r a n g e m e n t .  T h e  c a b in e t  h o u s e s  th e  
l in e  v o l ta g e  r e g u la to r ,  t h e  s e rv o d r iv e , 
s e rv o a m p lif ie r ,  th e r m o re g u la to r ,  a n d  a  
d o u b le  w a ll  c h a m b e r  fo r  th e r m a l  iso la ­
t io n  e n c lo s in g  th e  o s m o m e te r  ce ll. 
F o r  lo w - te m i> e ra tu re  o p e r a t io n  ( a  few  
d e g re e s  a b o v e  t h e  a m b ie n t )  a  sm a ll  
in d u c e d - d r a f t  e x h a u .s t f a n  d r a w s  a  
lo w -v e lo c ity  a i r  f lo w  u p w a r d  b e tw e e n  
th e  tw o  w a lls  o f  t h e  c e ll e n c lo s u re  to  
[ jro v id e  a  h e a t  s in k  fo r  t h e  th e r m o -  
r e g u la to r  t o  w o rk  a g a in s t .  T h e  sa m e  
f a n  a ls o  v e n t i l a te s  t h e  o th e r  } )o rtio n s 
o f  t h e  m a in  c a b in e t  t o  m a in t a in  a  
r e a s o n a b ly  lo w  t e m p e r a tu r e  t h r o u g h o u t  
t h e  e n t i r e  in s t r u m e n t .

O i> e ra tio n  a t  a  ce ll t e m p e r a tu r e  o f  
1 3 5 °  C . h a s  b e e n  a c c o m p lis h e d  w i th  
o n ly  m in o r  c h a n g e s . T h e  s p a c e s  b e ­
tw e e n  th e  d o u b le  w a lls  a r e  filled  w i th  
th e r m a l  in s u la t io n ,  tw o  c a r t r id g e  h e a t ­
e r s  a r e  a d d e d  t o  t h e  w a lls  o f  t h e  in n e r  
e n c lo s u re , a n d  t h e  c a r t r id g e  h e a te r s  in  
t h e  c e ll i t s e l f  a re  c h a n g e d . T h e  th e r m o ­
re g u la to r  s u p p h e s  a  t o t a l  o f  2 5  w a t t s  to  
a l l  h e a te r s  a t  135® C . F o r  f a s t  w a rm u p , 
a  r e la y  p a ra l le ls  a l l  h e a t e r s  a n d  c o n ­
n e c t s  t h e m  t o  t h e  p o w e r  l in e  t o  p r o v id e  
2 0 0  w a t t s .  W h e n  th e  d e s ire d  te m -  
I )e r a tu r e  is  r e a c h e d , t h e  r e la y  d r o p s  o u t  
a n d  r e t u r n s  t h e  h e a te r s  to  t h e  r e g u la to r .  
T h e  s a m p le  fu n n e l  is  r e p la c e d  w i th  a  
sm a ll  c a v i ty  t h e r m o s ta t e d  a t  a b o u t  
1 4 0 °  C . t o  i> re h ea t t h e  s a m p le  a n d  h o ld  
t h e  s o lu te  in  s o lu tio n .

T h e  c a p a c ity -m e a su rin H ^ T -/ o sc illa tiw  
is f a s te n e d  d i r e c t ly  t o  t h e  c e ll  an d *

s e q u e n t ly  s h a re s  t h e  sa m e  e n c lo s u re . 
T h e  n e c e s s a ry  s o lv e n t  lin e s , e le c tr ic a l  
c o n d u c to r s , a n d  s a m p le  d r a in  p e n e t r a te  
t h e  d o u b le  w a ll e n c lo s u re  v i a  th r e e  
h o llo w  n y lo n  s ta n d o f f s  w h ic h  a lso  
s e rv e  a s  n o n c o n d u c t in g  s u p p o r t s  u n d e r  
t h e  in n e r  c h a m b e r .  A n  o p e n  c o m ])a r t-  
m e n t  a t  t h e  lo w e r  l e f t  ( F ig u re  3 ) ,  p r o ­
v id e s  s p a c e  fo r  a  s m a ll  b e a k e r ,  d i r e c t ly  
u n d e r  t h e  ce ll, to  c a tc h  th e  o u tg o in g  
s a m p le . A cce ss  to  t h e  o s c i l la to r - tu n in g  
c a p a c i to r s  is  a v a i la b le  t h r o u g h  th is  
c o m p a r tm e n t .

A n o th e r  p e n e t r a t io n  o u t  t h e  t o p  s id e  
o f  t h e  e n c lo s u re  c o n s is ts  o f  a  1 ^ / 4  in c h  
in  d ia m e te r  th in -w a l le d  B a k e l i te  tu b e ,  
w h ic h  t e r m in a te s  a t  t h e  t o p  o f  th e  i n ­
s t r u m e n t ,  a n d  p ro v id e s  a n  e n t r a n c e  fo r  
t h e  s a m p le  fu n n e l .

T h e  tw o  s m a ll  v a lv e s  lo c a te d  o n  th e  
f r o n t  p a n e l ,  m a rk e d  “ S o lv e n t  I n l e t ”  a n d  
“ S o lv e n t  O u t l e t ”  a r e  b o r ro w e d  f ro m  
t h e  m e d ic a l  p ro fe s s io n . T h e y  p r o v id e  
a  c o n v e n ie n t  m e a n s  fo r  m a n ip u la t in g  
th e  s o lv e n t  u s in g  h y p o d e r m ic  s y r in g e s . 
T h e s e  h a n d y  f i t t in g s  a r e  u s e d  th r o u g h ­
o u t  t h e  s o lv e n t  c i r c u i t  b u t  t h e y  a r e  n o t  
a d e q u a te  fo r  u se  in  t h e  s a m p le  cell.

Sample Cell. T h e  s c h e m a t i c  d i a ­
g r a m ,  F ig u r e  1, a lo n g  w i th  t h e  e x ­
p lo d e d  v ie w  o f  F i g u r e  2  w il l  c l a r i f y  
t h e  s a m p le  f lo w  s c h e m e .  T h e  c o n ­
c e n t r i c  r i n g  c o n f ig u r a t io n  w h ic h  c o m ­
b in e s  e f f e c t iv e  m e m b r a n e  s u p p o r t  
w i th  r e l a t i v e l y  h ig h  s u r f a c e  a r e a  
e x p o s u re  i s  id e n t ic a l  t o  t h e  d e s ig n  o f  
B r u s s  a n d  S tro s s  (4 ) , o n ly  t h e  flow  
p a t t e r n  h a s  b e e n  a l t e r e d  t o  a s s u r e  c o m ­
p le te  f lu sh in g  a n d  p r e v e n t  b u b b le  e n ­
t r a p m e n t  in  t h e  p r e s e n t  h o r iz o n ta l  d is ­
p o s i t io n  o f  t h e  m e m b ra n e .  W i th  b o th  
v a lv e s  o p e n e d , t h e  sa m ])le  e n t e r s  th e  
c a v i ty  a ^ v e  th e  d i a p h r a g m  a t  a  p o in t  
n e a r  i t s  c i r c u m fe re n c e . T h e  p a s sa g e ­
w a y s  h e r e  a r e  s m a ll  e n o u g h  ( V u i n c h  in  
d ia m e te r )  t o  b e  s w e p t  c le a r  o f  b u b b le s .  
T h e  c a v i ty  a b o v e  th e  d ia j^ h ra g m  h a s  a  
c o n ic a l t o p  w h ic h  e f fe c t iv e ly  c a u s e s  
b u b b le s  t o  p a s s  u p w a r d  th r o u g h  th e  
a x ia l  p a .s sa g e w a y  le a d in g  t o  t h e  m e m ­
b r a n e  s u p p o r t .  T h e  p a s s a g e w a y  c o n ­
s is ts  o f  a l t e r n a t e  c o n c e n tr ic  g ro o v e s  a n d  
l a n d s  e a c h  V ie in c h  in  w id th .  A  m ille d  
g ro o v e  c o n n e c ts  t h e  a x ia l  h o le  w i th  t h e  
i n n e r  c o n c e n tr ic  g ro o v e . F r o m  h e r e  
t h e  f lo w  d iv id e s  i n to  tw o  p a r a l le l  p a th s  
fo rm e d  b y  t h e  tw o  h a lv e s  o f  t h e  c irc le . 
D ia m e tr ic a l ly  o p p o s i te  w h e re  t h e  s a m p le  
e n te r e d  t h e  in n e r m o s t  c i r c u la r  g ro o v e , 
t h e  s u r r o u n d in g  l a n d  is  c u t  th r o u g h ,  
p e r m i t t in g  t h e  flow  t o  e n t e r  t h e  se c o n d  
c o n c e n tr ic  g ro o v e  w h e re  i t  a g a in  d iv id e s  
a n d  so  o n  u n t i l  a l l  t h e  g ro o v e s  h a v e  
b e e n  t r a v e r s e d ,  t h e  o u t e r  o n e  th e n  d is ­
c h a rg in g  t o  t h e  o u t l e t  v a lv e  a n d  o u t  t h e  
d r a in .  T h u s  e a c h  c o n c e n tr ic  p o o v e  
fo rm s  tw o  e q u a l  p a r a l le l  p a t h s  w h ic h  a re  
in  s e r ie s  w i th  t h e  p a r a l le l  p a th s  o f 
e v e r y  o t h e r  g ro o v e . T h e  o u te r m o s t  
g ro o v e  in  t h e  ce ll b lo c k  re c e iv e s  a  T e flo n
0  r in g  fo r  a  l iq u id  se a l.

Solvent Cell. T h e  m e m b r a n e  s u p ­
p o r t  in  t h e  s o l v e n t  c e l l  is  s im i l a r  t o  
t h a t  i n  t h e  s a m p le  c e ll .  T h e  m a in  
d i f f e r e n c e  is  i n  t h e  o m is s io n  o f  t h e  0  
r in g  g r o o v e  a n d  t h e  a d d i t i o n  o f  a n  
o u t e r  g r o o v e ,  w h o s e  f u n c t i o n  is  to  
k e e p  JiW  e d g e  o f  t h e  m e m b r a n e  in  

i t h  t h e ^ o l v e n t .
d e t: ^ t  t h e  to p  c e n te r  is
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Figure 3. Cut-away view o f instrument

Cell mounting in its inner and outer enclosure and arrangement o f sample 
Intet and drain tubes os weU os other feotures described m text

piped to  th e  valve on  th e  fro n t panel. 
F resh  solvent, uncon tam inated  b y  small 
solute molecules w hich m ay have j)er- 
m eated  the m em brane, can  be added a t  
th is  so lvent in le t valve. W hen th is is 
done, a  like am o u n t is w ithdraw n from 
th e  sam ple o u tle t valve on th e  fron t 
panel w hich connects w ith  the bo ttom  
of th e  m anom eter tube. T he o ther 
so lvent p o rt is piped dow n th rough  one 
of th e  nylon standoffs, hence to  th e  
low er end of the m anom eter tube.

Valves. Special va lves of th e  self­
cen te rin g  floa ting -ba ll ty p e  w ere de­
signed for th e  sam p le  side o f th e  sens­
ing cell. T h ey  h av e  th e  sm all volum e 
essen tia l fo r m in im um  ex tran eo u s  cell 
c a p a c ity  an d  fo r close th e rm a l cou­
pling  to  th e  cell. T h ey  also  m eet th e  
req u irem en ts  of being le a k - tig h t and  
of n o t chang ing  vo lum e on closure, 
b o th  necessary  on  th e  h y d ro s ta tic a lly  
confined sam ple volum e. T hey  are 
provided w ith rem ovable sim ple to rque  
w renches w hich provide uniform  closure. 
By being rem ovable, the  w renches do 
no t con tribu te  to  th e  hea t loss of the 
cell th u s relieving some burden  on 
the  therm oregulator.

Diaphragm. T h e  d iap h rag m  is
0.0015-inch  th ic k  b ery llium  copper. 
I t  is s tre tc h e d  as in d ica ted  in  th e  ex­
p loded  view , F ig u re  2 , by  a n  0  ring  
a n d  s u ita b ly  g rooved  re ta in in g  ring . 
T he  liqu id  sea l for th e  sam p le  cell is 
m e ta l- to -m e ta l w ith  th e  O ring  p ro ­
v id ing  th e  req u ired  p ressu re .

Capacity Electrode. M echan ica l 
s ta b il i ty  of th e  c a p a c ity  e lec trode  
sy s tem  is h igh ly  im p o rta n t. E lec­
tro d e  sp ac in g  m u s t be  h e ld  c o n s ta n t

w ith in  a  fra c tio n  of a  ra icro inch  
co m m en su ra te  w ith  ty p ic a l d iap h rag m  
d isp lacem en t of on ly  0.4 m icroinch. 
T h e  requ ired  s ta b il ity  is a t ta in e d  b y  
spacing  th e  fixed e lec trode  from  th e  
d iap h rag m  a  d is tan ce  of 0.00183 inch  
w ith  0 .120-inch d iam eter syn thetic  
ruby  w atch jewels. T he th inness of 
the jewels provides a  suppo rt length 
sub ject to  therm al expansion of ap­
proxim ately th e  0 .00l83-inch spacing. 
T he small a rea  of the jewels m inim izes 
the  effect of th e ir tem pera tu re  coeffi­
cient of dielectric constan t. T he elec­
trical capacity  of th e  cell is ad justed  to  
100 pf., ± 3 %  by  diam ond lapping  the 
jewels.

Capacity Sensing Oscillator. A
c ry s ta l con tro lled  rad io  frequency  
oscillator used som ew hat in  the m anner 
described by H enriquez and  R enaud  (9) 
and  la te r by A lexander ( /) , has been 
fu rther developed to  provide a  sm ooth 
transition  betw een th e  oscillating and 
nonoscillating regions W'here th e  rise 
in cathode cu rren t is extrem ely sharp. 
T o provide a  reversible d irec t-cu rren t 
o u tp u t, th e  positive voltage produced 
across the cathode resistor is com pared 
to  a constan t positive voltage which is 
equal to  the  cathode voltage for th e  
cathode cu rren t selected as the null 
capacity  point.

E xcellent tem pera tu re  s tab ility  of 
the anode circuit has been ob tained  by 
use of a self-com pensating inducto r 
fashioned on th e  principles described 
b y  Seeley and  A nderson (13), trim m er 
capacitors of th e  piston ty p e  having 
q u a rtz  dielectric and  in v ar pistons 
(J .F .D . C o., Brooklyn, N . Y .), and  an

Figure 4. Sample S i l l

Plot o f reduced osmotic presjure, r /e ,  and ( r /e )* '* ,  n .  concentrotion. 
Dashed line shows o linear extrapolation which results in a lower intercept 
Wfc)ii •  1.20 compared with 1.44 from the squore-rool extrapolotion. 
Pressure in cm. toluene, concentration in g . / l  00 ml.

R CA  6CW 4 N uvisto r triode as the  
oscillator tube.

ServoampUfier and Motor. T h e  
servoam plifier is d ire c t coupled , using 
tw o  p en to d es  as a  long ta iled  p a ir  for 
v o ltag e  am p lifica tion  an d  p h ase  in ­
version , follow ed by  a  p a ir  of pow er 
jen to d es  w hich serve  p red o m in an tly  to  
o ad  one o r th e  o th e r  of th e  tw o 
w ound sh ad in g  coils of th e  B arb e r- 
C olm an (Rockford, 111.) m otor to  pro­
duce a  ro ta tion , whose d irection  depends 
on th e  po larity  and  m agnitude of the 
in p u t signal from  the oscillator and 
reference voltage. A signal of ab o u t 10 
m v. is required  to  reverse th e  m otor, 
and  zero stab ility , a f te r  brief w arm up, 
is of the sam e order.

Servosystem and Recorder. T he 
B arb e r-C o lm an  se rv o m o to r is su p ­
plied w ith  a  236:1 gear reduction . To 
th is  u n it an  add itional 3 :1 reduction  is 
added  to  drive a  m in iature  chain 
sprocket, whose ro ta tion  is restricted  
to  som ew hat less th a n  a  com plete revo ­
lu tion  by  m echanical stops. O ne end 
of the chain  is fixed to  th e  sprocket 
while the free end w raps around , then  
is led upw ard  over a  second sprocket, 
then  dow n to  the  m etal p lum m et in 
the solvent m anom eter tube, so th a t  
servoaction raises and  lowers th e  plum ­
m et changing the so lvent he igh t as it  
does so. T he second sprocket is fitted  
w ith  a  dial cable and  pulley which 
ac tu a te s  th e  pen on th e  s trip  ch a rt 
recorder. T he w^eight of th e  m etal 
p lum m et effectively loads o u t any  
backlash  in  th e  servogearing, th u s  pro­
ducing a  high resolution system  w ith  
com plete absence of backlash in  the 
recorder as well as the servo proper.

T he com bination  of a  cylindrical 
m etal p lum m et im m ersed in a  precision- 
bore m anom eter tube  perm its com plete 
freedom in  th e  choice of scale fac to rs

W /-V I k J / - \  A  A D D I I  \ O A A M l



and provides assurance of an y  usabJe 
degree of precision and linearity . T he 
op p o rtu n ity  for deliberate  non linearity  
also exists. F o r  exam ple, b y  m achin­
ing large size ends on th e  otherw ise 
cyJindrical plum m et, large changes in  a 
liquid he ig h t could be produced a t  
e ither end of th e  trav e l to  enhance 
recovery from  sa tu ra tio n . T h is has 
n o t been done as y e t because th e  fast 
m em branes used so fa r  h av e  n o t re­
quired  it.

Thennoregulator. T h e  elec tron ic  
th e rm o re g u la to r  em p loys a res is tance  
th e rm o m e te r  in  a ba lanced  bridge 
c ircu it, w hich is  tran sfo rm er-co u p led  
to  a  th re e -s ta g e  h ig h -ga in  am plifier 
te rm in a tin g  in  a  ca th o d e -co u p led  
phase  in v e r te r . T h e  phase  in v e r te r  
s tag e  co n tro ls  a  p a ir  of sm a ll th y ra -  
tro n s , w hich fu rn ish  th e  c u rre n t for 
m ain tain ing  the  cell tem i)erature  con­
s tan t. T h e  bridge circuit, as well as 
the th y ra tro n  anodes, is opera ted  a t 
line  frequency th rough  a  special tran s­
form er having a  well shielded bridge 
supp ly  w inding to  elim inate  spurious 
qu ad ra tu re  phase voltage, w hich would 
otherw ise be p resent in  th e  low level 
bridge o u tp u t a t  balance. P roportional 
con tro l of th e  th y ra tro n s  is ob ta ined  by  
th e  conventional m ethod of super­
im posing a  co n stan t q u ad ra tu re  com­
po n en t of grid  b ias on th e  in-phase 
am plifier e rror signal from  th e  bridge. 
T he q u ad ra tu re  com ponent is con­
venien tly  ob ta ined  from  th e  filam ent 
supp ly  th rough  a  low  pass pa ir 
connected to  th e  norm ally  grounded 
grid  of th e  cathode coupled phase 
inverter.

MOLECULAR WEIGHT DETERMINATIONS

T h e  perform ance of th e  au tom atic  
osm om eter described in  th e  preceding 
sections w as stud ied  by  determ ining 
th e  m olecular w eights of a  series of 
poly-a-m ethy lsty rene (PA M S) and  poly­
sty rene sam ples in  to luene a t  3 4 “ C, 
All sam ples except one, D ow  S ty ron  
66 6 , represen ted  polym er which had 
bfeen frac tionated  to  m inim ize the 
spread  of m olecular w eights so th a t  
the  w eight-average m olecular w eight 
from  ligh t sca tte ring  m ay also serve 
as a  guide fo r evalua ting  th e  accuracy 
of th e  osm om etric results.

Materials. T h e  sam p les designa ted  
as P A M S  1 to  4, a n d  P A M S  025 are 
p o ly -a -m e th y ls ty ren es  p rep a red  and  
f ra c tio n a te d  a s  described  b y  B urge  
and  B russ (5). PA M S 1 to  4 are iden ti­
cal w ith  th e ir  sam ples N o. 1, 3, 5, 7. 
S I02  and  S l l i  rep resen t In te rn a tio n a l 
S tan d a rd  P olystyrenes (^) (obtained 
b y  courtesy  of J .  V . S tab in , B rooklyn). 
D ow  S ty ron  666  is com m ercially avail­
able polystyrene, w hich for some of 
o u r m easurem ents had  been p rec ip ita ted  
from  toluene by  m eans of an  excess of 
m ethanol. R eagen t g rade toluene 
(B aker and  A dam son) w as used w ithou t 
fu rth er purification, how ever, w ith  th e  
p recaution  th a t  for all m easurem ents 
so lven t and sam ple cham ber were filled 
w ith  to luene from  th e  sam e b a tc h  to  
avoid tran s ien t osm otic pressures from  
im purities in  th e  solvent (^). Gel 
cellophane m em branes N o. 600 (J. V.

S tabm , Brooklyn) were used th roughou t 
th is M'ork. T he m em brane in  the au to ­
m atic osm om eter has been in  use fo r 10 
m onths.

G enerally  the following procedure was 
found useful fo r tlie m olecular w eight 
de term inations; sam ple and  solvent 
cham ber were flushed w ith  portions 
of solvent, and  tw o to  th ree  b lank  curves 
recorded over a  period of ab o u t 15 
m inutes each (pure solvent on both  
sides of th e  m em brajie) to  assure re ­
p roducibility  of th e  base line. An 
agreem ent of b lank values w ith in  ± 0.02 
cm , solvent head  was considered satis­
factory . N ext, a  polym er solution of a  
concentration  to  give osm otic pressures 
above 5 cm. w as in troduced, and  th e  
osm otic pressure-tim e curve w as ob­
served for a t  least 30 m inutes. T his pre­
lim inary experim ent indicated  th e  useful 
concentration  range for th e  determ ina­
tion  on hand ; its  m ain purpose, how­
ever, w as to  establish  w hether solute 
com ponents .small enough to  pass 
th rough  th e  m em brane were absent, as 
w itnessed b y  constancy of osm otic pres­
sure. N ext, th e  sam ple cham ber was 
flushed and  one m ore b lank  curve re­
corded. A greem ent w ith  th e  previous 
b lank  curves as to  shape an d  final value 
is an  add itional ind ication  for th e  ab ­
sence o f perm eating solute. Once th is 
had been established th e  usual p ro ­
cedure was to  m easure th e  osm otic 
pressure of th e  m ost d ilu te  solution 
(less th a n  one th ird  of th e  h ighest con­
cen tration) in  duplicate, followed by 
sam ples in  an  ascending concentration 
sequence, th e  m inim um  being five ex­
perim ental po in ts w ithou t intervening 
blanks. The volum e of each solution 
am ounted  to  8  to  10 ml. of which all 
except th e  la s t po rtion  of ab o u t 2 ml. 
was used to  flush o u t th e  previous 
sam ple. Osm otic pressures observed 
a fte r  15 to  30 m inutes were used for 
th e  calculation of th e  m olecular w eight. 
R educed osm otic pressures, t / c ,  or 
th e ir  square roots, ( t /c ) '^ ^  were p lo tted  
against concentration  and graphically  
ex trapo lated  to  infinite d ilution. F or 
th e  conditions under consideration the  
num ber-average m olecular w eight, M„, 
is calculated  as

E 'r
(r/c)u

3 .02 X 10̂  
(ir/c)o (1)

(ir/c)o designates th e  reduced osm otic 
pressure a t  infinite d ilu tion , r  is in 
cm. of toluene, T  =  3 0 7 °  K .,  a n d  c is 
concentration  in  gran^/lO O  ml. T he 
density  of toluene refers to  2 7 °  C ., 
th e  tem pera tu re  of th e  m anom eter. I t  
was observed th a t  an  osm otic pressure 
m easurem ent on a  solution of a  given 
concentration  gave som ew hat low values 
if preceded by a  b lank  instead  of a  
solution of th e  sam e concentration , 
p robably  due to  a  d ilu tion  by  th e  sol­
v en t re ta ined  by  th e  m em brane. A 
sequence of readings, such as b lank, tt, 
X -h 3%, T +  4% , and  x  - f  4% , was 
found typ ical. In  accordance w ith  th is 
observation  and  th e  schem e of m easure­
m ents ou tlined  above, th e  experim ental 
molecular w eights were corrected  by 
sub trac ting  2 % , If  so lu te perm eation  
w as indicated , sam ple and  solvent

cham ber were flushed and  a  b lank  
m easurem ent was tak en  before each 
new  po lym er solution  was in troduced. 
In  th is  la t te r  case, th e  osm otic [pressures 
were ex trapo la ted  back  to  zero tim e 
and  a  correction of — 4%  applied  to  
th e  m olecular w eights to tak e  care of 
th e  e rro r in troduced  if  a  po lym er solu­
tio n  is preceded b y  a  b lank.

Since toluene is a  good solvent for 
the polym ers under consideration  con­
tribu tions from  th e  th ird  v iria l coeffi­
cient, Ts, should n o t be ignored, jaar- 
ticu larly  n o t in  th e  case of sam ples of 
h igh m olecular w eight (16). T hus,

( 0  =
T he value of Fg being unknow n, we 
assum e T? =  0.25 Ta*, which appears 
to  be a  b e tte r approxim ation  th a n  
ignoring the q u ad ra tic  term . E quation
2  can th en  be w ritten  as

and  one ob tains a  linear p lo t for (t/c )^ '^  
IIS. concentration . Such an  approach 
is som ew hat a rb itra ry , b u t th e  lim ited  
num ber of experim ental po in ts and  th e  
error associated w ith  each m easurem ent 
in  general do  n o t allow a  m eaningful 
evalua tion  o f F*. O nly in  th e  case of 
PA M S 1, 2, and 3 we hav e  applied a 
“ linear” (F j =  0 ) in stead  of a  “ square- 
ro o t” ex trapo la tion ; here F2 is suffi­
ciently  sm all, and  th e  concentrations 
are  low enough to  assure p ractically  th e  
sam e in te rcep t for e ith e r m ethod of 
extrapolation . F urtherm ore, an  anal­
ysis of th e  d a ta  for PA M S 3 showed 
th a t  an  equation  which includes 
does n o t give a  b e tte r  fit (Fa a rb itra ry ) . 
W e note  th a t  for a  given se t of points, 
square-root ex trapo la tion  will generally 
lead to  a  lower m olecular w eight th an  
linear ex trapo lation  (Fz and  Fs >  0), 
th e  discrepancy becoming more pro­
nounced w ith  increasing m olecular 
w eight. F igure 4 shows a  p lo t of 
e ither k ind for sam ple S i l l .

One polym er, PA M S 3, w as subjected  
to  19 m easurem ents in  a  random  
m anner. T he concentration  range ex­
tended from  0.15 to  0.7 g ram /100  ml. 
solution. N o correction of th e  in ­
d iv idual p o in ts  for th e  previously 
m entioned d ilu tion  effect was applied, 
because of tlie difficulty of estim ating  
th e  e.xact m agnitude of such a  correction 
for each, po in t. T he resulting  m olecular 
w eight is therefore p robably  too  high 
b y  1 or 2% . F ittin g  the  function 
IT =  ac bĉ  to  th e  experim ental 
po in ts b y  th e  m ethod of least squares 
gave a  m olecular w eight of 23,300 w ith 
a re la tive  stan d ard  dev iation  of ± 1.1% .

Of special in te res t a re  th e  osm otic- 
pressure curves ob ta ined  w ith  Dow 
S ty ron  66 6 . F igure 5 shows a  super­
position of such curves a t  a  concentra­
tion  of 1.15 g ram s/100  ml. E xtensive 
solu te perm eation  w as exhibited  by  th e  
u np rec ip ita ted  polym er (/A); single pre­
cip ita tion  rem oved some of th e  low- 
molecular w eight com ponent (5 ) , while 
reprecip ita tion  of the  once precip ita ted  
m ateria l ap jm rently  rem oved  ̂ a ll of 
th e  perm eating  species (C). T h is be-

rv



Figure 5. Dow Styron 666, variation o f 
osmotic pressure with time

Ai Unprecipitated pciymer
B: Polymer precipitated once from toluene witt)
excess o f methonol
C> Polymer precipitated twice
Concentration: 1.18 g . / l  00 ml. Pressure in cm
toluene.

hav io r can be explained b y  th e  presence 
of a  few p e r cen t of low -m olecular-w eight 
plasticizer, w hich is rem oved b y  suc­
cessive p recip ita tion . F rom  curve C, 
F igure 5, i t  can be seen th a t  the  equi­
lib rium  pressure is a tta in ed  w th in  a 
few m inutes.

F o r comparisfjn we determ ined  the 
m olecular w eight of som e of th e  sam ples 
b y  m eans of a  m anual sm all-volum e 
osm om eter (5), equipjied w ith  2  gel 
cellophane m em branes No. 600, and  a  
readm g cap illary  of 0.2-m m . i.d. Be­
cause of th e  sm all cap illary  d iam eter, 
s ta tic  pre&«<ure readings could be taken  
w ith in  30 m inu tes a fte r  filling of the 
osm om eter. B y  eom ijarison w ith  the 
au tom atic  osm om eter, corresponding 
pressures de term ined  m anuallj- ap ­
peared  to  be consisten tly  som ew hat 
lower an d  more e rra tic . T able  I 
sum m arizes th e  results.

DISCUSSION

P A M S  1 a n d  P A M S  2. S o lu te  
p e rm e a tio n  w as c lea rly  in d ica ted  by  
th e  dec line  of osm otic  p ressu re  w ith  
tim e  (F ig u re  6 ) in  w hich case even  th e  
ex tra p o la te d  p ressu re  a t  tim e  zero, 
w hen a ll of th e  so lu te  is s til l on  th e  
sam ple side of th e  m em brane, falls 
sh o rt of th e  theo re tica l osm otic pres.'^ure 
( i J ) ;  o u r p resen t resu lts a re  therefore 
too  high. B urge and  B russ (5) in  the ir 
work used a  very  slow b u t highly 
re ten tiv e  m em brane (Schleicher and 
Schuell, Superdense).

P A M S  3. S o lu te  p e rm ea tio n  was 
n o t d e tec tab le , y e t  we fo und  a  m o­
lecu la r w eigh t w h ich  d iffered  from  
th a t  of th e  o th e r au tho rs  (5) by  more 
th a n  10% , while th e  s tan d a rd  error of 
th e  m olecular w eight calcu lated  from

19 ex])erim ental po in ts am ounted  to  
only 1.1% . D espite  th e  ap p aren t good 
agreem ent of dynam ic and sta tic  results 
by  B urge and  Bruss, those au thors 
consider i t  poasible th a t  th e ir  resu lt is in 
error by  10%  (p rivate  communica^ 
tion). Likewise, resu lts from  our 
m anual m easurem ents (4 po in ts), al­
though of n o t very  h igh precision, are 
incom patible w ith  a  m olecular w eight 
below 23,(XX).

P A M S  4. T h e  ag reem en t betw een  
re su lts  is sa tis fac to ry .

P A M S  025. T h e  ag reem en t of re­
su lts  from  a u to m a tic  a n d  m an u a l 
m easu rem en ts  is good. L in ea r ex­
tra p o la tio n  w ould ra ise  e ith e r  re su lt 
b y  a b o u t 15 to  20% .

S  102 a n d  S  111. T h e  reference 
values a re  av e rag es from  th e  re su lts  
o b ta in ed  in  n ine lab o ra to r ie s  w ith  
toluene as th e  so lvent (£); th e  high and 
low* resu lts in  each case were 82,300, 
75,000, and  225,000, 196,000, re­
spectively.

D ow  S ty ro n  6 6 6 . F ig u re  5 show s 
th a t  in  th e  case o f th e  u n tre a te d  
polym er, in itia lly  h a lf  of th e  to ta l 
osm otic  p ressu re  is due  to  th e  low- 
m olecu lar w eigh t species; th e  ap ­
p a re n t m olecu lar w eight, here  to  an  
ev en  g rea te r e x te n t th a n  fo r P A M S
1 a n d  2 (F ig u re  6 ), d ep en d s on  th e  
ch a rac te ris tic s  of th e  m em b ran e , a n d  is 
a  “ reflection-average m olecular w eight” 
(14, !3 ). If  th e  osm otic pressure 
curve is recorded over a  long period of 
tim e, inform ation  can be obtained 
w hether m ost of th e  po lym er itself or 
on lj’ a  low m olecular w eight im purity  
diffused th rough  th e  m em brane. In  
th e  la tte r  case a  lim iting  p r^ s u re  should 
be reached w ith in  a  re latively  short 
tim e because of th e  higher diffusion 
ra tes of sm all molecules. A  com parison 
of th e  curves ob tained  w ith  PA M S 1 
and  2, on one hand , and  S ty ron  666 , on

Figure 6. Low-moleculor w eight poly- 
o-methylstyrenes. Variation o f osmotic 
pressure w itii time

A: PAMS 1, 0.0913 g . / lo o  ml.
B: PAMS 2, 0.104 g ./lO O  ml.
Pressures in cm. toluene

th e  o ther, m ade th is  clear: PA M S 1 
and  2 show ed a  m ore gradual declm e 
and  d id  n o t reach  a  lim iting  osm otio 
pressure w ith in  10 hours, w hile un­
precip ita ted  S tjT on  666  had  closely ap­
proached a  lim iting  value a fte r  a  little  
m ore th an  1 hour. F rom  these curves 
and  th e  low m olecular w eight of PAM S
1 and 2 , we can conclude th a t  a  sizable 
portion  of th e  polym er, if n o t a ll of the  
m ateria l can  pass th rough  th e  mem­
brane, while S ty ron  666  contains an 
im purity  of a  m olecular w eight con­
siderably  lower th a n  th a t  of th e  polym er.

T h e  m ain  advan tages of th e  au to­
m atic osm om eter a re  rap id  a tta in m en t 
of equilibrium  pressure and  ease of 
operation . T h e  useful range of m o |^ -

Table I. Molecular Weights o f Polymer Somples

N o .-a v . m o l. w t. 
X  10 o sm o m e try

W t.-a v . 
m ol. n 't .  
X  10-* 

lig h t R e m a rk s  re fe rr in g  to
P o ly m e r A u to m a tic M a n u a l S (!a ttering a u to m a tic  o sm o m e try

P A M S  I 2 .8 7 2 . 2 “ 3 .4 - S o lu te  p e rm e a tio n  lin e a r

P A M S  2 4 .3 0 3 . 7 “ 5 .0 «
e x tra p o la t io n  

S o lu te  p e rm e a tio n  lin e a r

P A M S  3 2 3 .3 20“ (2 3 .5 ) 2 5 “
e x tra p o la tio n  

19 E x p e r im e n ta l p o in ts

P A M S  4 6 8 .4 57® 64"
lin e a r  e x tra p o la t io n

P A M S  025 186 (196) (2 1 3 )
S  102 7 7 .5 7 7 .6 ‘ 90*-

S  111 207 2 1 0 * 237*

S ty ro n  6 6 6 < 5 0 (295) U n p re c ip ita te d
9 8 .6 (104) (295) T w ice  p re c ip ita te d

® B u rg e  a n d  B ra s s  (5 ).
® R e p o r t  b y  A tla s  a n d  M a rk  (£) .
N u m b e rs  in  p a re n th e se s  re fe r  t o  re su lts  f ro m  m a n u a l c » m o m e try  a n d  l ig h t s c a t te r in g  

b y  th e  a u th o rs .
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u lar w eights lies betw een ab o u t 10,000 
and 300,000, or h igher, depending  on 
how large an  experim ental error is 
acceptable. T h e  lower lim it, of course, 
depends exclusively on th e  retentiveness 
of th e  m em brane. E x tra i)o la tion  of 
osm otic pressure to  zero tim e is g reatly  
facilita ted  by reeordiug, and  th u s  the  
error ari.sing from so lu te  perm eation  
can be m inim ized, a lthough  no t 
elim inated . T he so lven t cham ber can 
easily  be  flushed w hich is of im portance 
if so lu te  perm eation  or m em brane 
asym m etry  becom e noticeable.

T h e  precision, of th e  in s tru m en t is 
equally  as good or b e tte r  th a n  w hat can 
be rou tinely  achieved w ith  conventional 
m anual osm om eters. T he error in  the  
m echanical rep ea tab ility  of th e  m easure­
m ents is n o t larger th an  ± 0 .01  cm., 
a lthough  in  p rac tice  larger errors m ay 
be encountered  as a  resu lt of im perfect 
m em brane behavior. T h is becam e 
p articu la rly  ev iden t a t  elevated 
tem pera tu res  (135° C.) w ith decalin  as 
th e  solvent, under which conditions th e  

,  s tab ility  and  lifetim e of gel cellophane 
* m em branes is g rea tly  im paired. A 

g j^ tem atic  error or inaccuracy of re-
•  su its  is n o t ev iden t, p rov ided  solute 

perm eation  does n o t occur.

T w o au tom atic  osm om eters operating  
near room tem peratu re , one a t  th e  
Shell Chem ical Research L aboratories 
a t  T orrance, Calif., and  the  o ther one in 
our own laboratory , have  been in use for 
a lm ost 1 y ear iti w hich they  have  given 
highly  sa tisfac to ry  perform ance.

T he au tom atic  osm om eter should 
prove particu larly  useful for laboratories 
engaged in  po lym er research and also in 
contro l laboratories of ])lauts engaged 
in the  m anufactu ring  of polym ers. 
License for th e  m anufactu re  of th e  
in strum en t has been g ran ted  to  J .  V. 
S tabin , B rooklyn, N . Y ., and  also to  
H allikainen In s trum en ts , Berkeley, 
Calif.
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